Dielectric properties of tomato slices are highly useful for predicting the heating rates and behaviour of the materials when subjected to high frequency electromagnetic waves. Dielectric properties of tomato slice (6 mm) at different moisture contents such 10, 30, 50 and 70% (w.b) were determined by using microwave spectroscopy. The corresponding dielectric properties like dielectric constant (ε′) and dielectric loss (ε″) were observed. The result showed that both dielectric constant (77 to 7.2) and dielectric loss (48 to were determined by using microwave spectroscopy. The corresponding dielectric properties like dielectric constant (ε′) and dielectric loss (ε″) were observed. The result showed that both dielectric constant (77 to 7.2) and dielectric loss (48 to 3.4) decreased with increase in frequency from 200 MHz to 200 GHz. Drying of tomato slices were carried out at 50, 60, 70 o C by using two methods namely microwave assisted vacuum dryer and microwave assisted hot air dryer at the selected temperatures. From the study, it was found that the time taken for drying of tomato slice in microwave assisted vacuum was lower (150, 100 and 70 min) when compared to microwave assisted hot air drying at 50, 60 and 70 o C, respectively.
Introduction
Tomato (Lycopersicon esculentum) is an important vegetable used in daily dietary. It is rich in health valued food components such as carotenoids (lycopene), ascorbic acid (vitamin C), vitamin E, folate and dietary fiber (Davies and Hobson, 1981) . Drying has been performed in food processing industries in long term preservation of the final products. The basic objective in drying food products is the removal of moisture from the produce to a level at which microbial spoilage can be avoided. Generally, processed food products have been considered to have lower nutritional value than the fresh commodity mainly due to heat treatment during processing. (Drouzas and Schubert, 1996; Lathrop & Leung, 1980) . Dielectric properties can influence the level of interaction between the food material and high frequency electromagnetic energy. Therefore it is becoming popular in the application of microwave energy in food processing industry due to volumetric heating (Mudgett, 1995) .
Generally the dielectric property of food material varies with composition, moisture, temperature and frequency (Ryynanen, 1995) . In drying of food materials, various research works have been carried out to optimize the power requirement to reduce the quality degradation during drying because microwave power level governs the quality of dried product. Shivahare et al. (1992a) reported the good seed quality of corn could be obtained by drying using microwave with 5 min on and 15 min off pulse at 0.5 W/g absorbed power. Burning of carrots was observed at higher microwave power level with a rated power of 600 W (Prabhanjan et al., 1995) . The energy consumption may be decreased due to high thermal efficiency of microwaves at low moisture contents in comparison with conventional hot air drying. Though hot air drying has been used for drying of various food materials, due to longer drying time, thermal degradation of food materials can not be avoided. Therefore to reduce the drying time, and to reduce the thermal degradation, microwave assisted hot drying may be used to improve the final product quality (Torringa et al., 1996) .
Vacuum drying makes it suitable for materials having anti oxidative and heat sensitivity properties due to the absence of oxygen and produces quality products as compared to other drying methods. Also microwave assisted vacuum drying increases the drying rate, thereby color, texture and flavor of the dried products can be maintained (Gunasekaran, 1999) .
Microwave assisted vacuum drying was used to dry yoghurt (Kim and Bhowmik, 1995) , fruits (Pappas, et al, 1999) and food materials (Gunasekaran, 1999) . Based on these observations, a study was undertaken to observe the dielectric properties of tomato slices using microwave spectroscopy and to dry the tomato slice using microwave assisted vacuum drying and hot air drying methods at the selected temperatures of 50, 60 and 70 o C.
Materials and Methods
Fresh Olympian gold (#4799) tomatoes were procured from local market. The tomatoes were washed and sliced to 6 mm thickness using a hand operated mechanical slicer. The sliced tomatoes were dried at different moisture levels at 70 o C to determine the dielectric properties using microwave spectroscopy. The slices were dehydrated at the selected temperatures of 50, 60 and 70 o C using two drying methods namely microwave assisted vacuum Drying (MVD) and microwave assisted hot air drying (MHD). 
Measurement of dielectric properties

Microwave drying set up
A laboratory scale microwave oven was modified and used to perform the drying study. The microwave dryer is equipped with hot air and vacuum set up. The microwave dryer consists of a magnetron, a wave guide, a drying unit, an air inlet, an air out let, a vacuum pump, an automatic weighing platform and a panel board for controlling the temperature, microwave power input ( Fig.1 ). Microwaves were generated by a 750 W, 2450 MHz microwave power generator. The power can be modulated and passed through the rectangular wave guide to the microwave cavity.
A circulator was used to absorb the reflected microwaves within the cavity and the tuning screws were used to adjust the reflecting power during the process. The same microwave drying set up was used for both microwave assisted vacuum and hot air drying methods of tomato slices.
Microwave assisted vacuum drying
The microwave assisted vacuum drying unit consists of a drying chamber made of a flat acrylic plate and a thick wall glass jar. The jar could be fitted tightly with the plate without any air leakage. The entire unit was attached to the weighing platform to measure the mass reduction during drying. The drying chamber was connected to a vacuum pump (John Scientific Inc., Canada) through a flexible pipe passing from the flat plate, and the vacuum pressure inside the chamber was maintained at 25 mm of Hg by adjusting the vacuum valve. The real timetemperature was measured using optical fibre. Microwave input power level was kept as 1W/g.
Tomato samples (sliced 6 mm) of 100 g were kept in the drying chamber, attached to a digital electronic weighing platform (5 kg capacity) with an accuracy of ± 0.01g. The slices were dried at three different temperatures namely, 50, 60 and 70 o C with three replications.
Microwave assisted hot air drying
The microwave assisted hot drying unit consists of a drying chamber with a hot air inlet and exhaust. A circular perforated disc of size (25 cm diameter) was used to dry the tomato slices.
The disc was attached to the weighing platform to measure the reduction in mass during drying.
Microwave power level was kept as 1W/g. Tomato samples (sliced 6 mm) of 100 g were kept in the drying chamber, attached to a digital electronic weighing platform. The slices were dried at three different temperatures namely, 50, 60 and 70 o C with three replications.
Moisture diffusivity
Fick's second law was used to describe the diffusion of moisture during drying of tomato slices spread in the form of a thin slab (Crank, 1975) . The equation is:
Equilibrium at the interphase as a boundary condition is a key factor for using equation
(1). For long drying periods (t > 5 min), Eq.
(1) can be simplified (M t = M I -M θ and M ∝ = M I -M e ) to the following form by taking n = 0:
Where A = (8/π 2 ). Equation (2) can be linearized:
From Eq. (3), a plot of ln (MR) versus drying time should give a straight line with a slope S:
The moisture diffusivity (D eff ) can therefore be determined from the value of the slope.
Also the drying rate constant 'k' was determined by using the single exponential relationship:
Moisture ratio (MR) = 
Moisture content
The moisture content of the tomato samples was determined by using vacuum oven at 70 o C for 24 h (AOAC, 1980) . Triplicate samples were used for the determination of moisture content and the average values were reported.
Colour
The colour parameter for fresh and dried tomato slices was determined using a tritimulus colorimeter (Minolta CR-300 series chromameter). The equipment was calibrated against a white 
Results and Discussions
Effect of frequency and moisture
The dielectric constant ε′ and loss factor ε″ decreased with increase in frequency from 200 MHz to 20 GHz as shown in Figure 2 . The dielectric constant decreased linearly with increase in frequency, but the loss factor ε″ decreased inversely proportional to the frequency. The study showed that the penetration depth was lower at higher frequencies. Wang et al., (2003) reported that the penetration depth was increased about four times at lower frequencies (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) than at higher frequencies (915 -1800 MHz). As the moisture content decreased from 94 to 10%, the dielectric constant (ε′) changed from linear reduction to non-linear reduction (77 to 7.2). The variation in the loss factor (ε″) was decreased (48 to 3.4) towards 10% moisture content of the slice (Fig. 3) . The dielectric constant (ε′) at 2450 MHz was determined to be 73.91, 64.17, 46.59, 37.06, 12.38 and loss factor (ε″) at 2450 MHz was determined to be 16.24, 16.11, 17.47, 16 .84, and 6.11, respectively for fresh, 70, 50, 30 and 10% moisture content (w.b.) of tomato slices. The result showed that there was a reduction in both the ε′ and ε″ factors at 2450 MHz when the moisture content of the tomato slices were reduced from 94.0 to 10% (w.b.).
Microwave assisted vacuum drying
The effect of temperature on the moisture reduction of tomato slice is shown in Fig. 4 . From the figure, it was observed that the time taken for drying a 6 mm thick slice from 94.1 to 10 ± 0.3% The calculated drying rates for the microwave assisted vacuum dried tomato slices were 1.38, 1.87 and 2.51g/min during the first 10 minutes and 0.01, 0.02 and 0.03 g/min during the final stage of drying for 50, 60 and 70 o C, respectively (Fig.5) . For the microwave assisted hot air dried tomato slice, the drying rates were 1.88, 1.52 and 1.09, g/min during the first 10 minutes and 0.01, 0.02 and 0.02 g/min in the final stage of drying at 50, 60 and 70 o C, respectively (Fig.7) .
This clearly indicates that, the microwave assisted vacuum drying was faster than microwave assisted hot air drying as the drying rate of tomato slices were higher during the initial stage as compared to the final stage of drying. These drying results are in agreement with the results recorded in high moisture foods like tomato (Jayaraman et al., 1975) and papaya (Levi et al., 1983) .
Moisture diffusion in tomato slice
The moisture diffusivity in tomato slices, dried by using two methods was calculated based on the relationship obtained by plotting ln (MR) vs time and the results are shown in the increased with increase in the drying temperature from 50 to 70 o C. Between the drying methods, the drying rate constant was higher in microwave assisted vacuum dried tomato slice when compared to microwave assisted hot air dried tomato slice. Due to vacuum with microwave power, the moisture diffusion and drying rate constant were higher than microwave assisted hot air drying method.
Colour
The change in color of tomato slices dried under microwave assisted vacuum dryer and microwave assisted hot air dryer at 50, 60 and 70 o C, are shown in Table 2 . From the table, it was observed that there was a significant change in colour (L, a, & b) of microwave assisted hot air dryer when compared to microwave assisted vacuum dried samples. This may be due to longer drying time with air, which induced the non-enzymatic browning or Maillard reaction for the oxidative colour change. In microwave assisted vacuum drying, the colour change 'a' was not significant due to the exclusion of air and in turn without oxidation (Porretta and Sandei, 1991) .
In both the methods, the colour change was significant at 70 o C, when compared to 50 and 60 o C.
Conclusion
The dielectric property study demonstrated that the depth of penetration decrease with increase in frequency. Both ε′ and ε″ were decreased when the moisture content of the slice was reduced from 94 to 10% (w.b.) at 2450 MHz. The time taken for drying of microwave assisted vacuum drying was lower when compared to microwave assisted hot air drying at 50, 60 and 70 o C, respectively, From the moisture diffusion study, it was observed that the moisture diffusion was higher in microwave assisted vacuum drying than in microwave assisted hot air drying method. The study also showed that the tomato slices retained better colour in microwave assisted vacuum drying than in microwave assisted hot air drying method. 
